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½
åW¤N·óì§ÍxÏ/ò+Ë÷ðòCe+ÏRð4 1ÓﬂÖEñ8ÍÀðUe'ÎÀð
Ò#ð.ÓÊ ñ8Ø÷ñ8×Åñ8e§ÛÏﬂÒ4e'Î÷ñBÊÓﬂÑ3Ñ÷ò+Ï7ÓÌ*Î?Ð\Ú!ð6öñÅß4ðÎÀðòHðRÓﬂÍxÓﬂ×Åö7Ï/ò ñ8e'Î3ÖüÒVÏ/òe'Î÷ñBÊe ò*ÓﬂÍ1Ê'ÒVÏ/ò'Ö9Óﬂe ñBÏÍó



































XﬃOñÅöõ÷òHð ó©î4Zﬃóﬀì£Ò!ð.ÓÌ*ÎWÌMÏÍ1Ê ò*Ó(ñ8ÍêñBÊ ò*ÓﬂÍ1Ê'×ÓHðMËWÓÌMÌMÏ/ò+Ë ñ8Í÷ö!+ÏYÓﬂ×Åö7Ï/ò ñ'Î3Ö å0ÄKÐ'ÎÀðﬀÊ+Ï×Åõ ñBÏÍWÊHð
ÌMÏÖﬀÑ÷ò ñBÊðMÊUÓﬂ×8×[Ê+Ï×Åõ ñBÏÍ1ÊKÐ?Óﬂ×BÊ+Ï'ÎÀðÍ1ÏÍJð	ÖEñ8Í÷ñ8Ö9Óﬂ×¸ÏÍÀðMÊ$ó
é


















































































































































¢ ýﬁþW¤ã»l¸4£H¸4¤å<¢ ûh£i»£¢IûD£Àû¤¢(å¡,úﬁþ¡¥T¢ û#þW£÷ú¦
ÓﬂÍAÛÂßÓﬂ×ÅõÀðQñ8ÍâÓpßGÓ(ò ñÓﬂØ3×jðË3ÏÖ9Ó(ñ8Í?Ð'ÎÀðNÖEñ8Í÷ñ8Ö9Óﬂ×HÊ+Ï×Åõ ñBÏÍàÊHðﬃÎ\ÓÊﬀ+Ï_ØVðRö4ð,ÍÀðò*ÓHðMË ð4 JÑ3×ÅñBÌñ'×8Û















































































































































































































































   « /21¼3	5x6T8lyD°¯2z9ñBÊ¿õ1ÊHðMËWÒFÏ/ò¼ð.ÓÌ*ÎàÓÌ ñÅßTð
ñ§ÛæÌMÏÍ1Ê% ò*Ó(ñ8Í
$ó|ì£Í õ÷ñ ñÅß4ð,×8Û7ÐUÓÂßÓ(ò ñÓﬂØ3×jðIÊ+Î1Ï/õ3×BË#ØVðIÓÌ ñÅßGÓHðMË ñPÒÓﬂÍ1ËÏÍ3×8Û ñPÒ"'ÎÀð^ÌMÏÍ1Ë ñ ñBÏÍ





















EDz*Õ yNy ï« z¼yòôz¼y Jbz¼y
K















 ñBÏÍ;ÏﬂÒ¶'ÎÀðñÅò$ õ3Ñ3×jðMÊkòHðMÊ+Ñ,ðMÌ ñÅß4ð,×8Û4ó
é
Ï×Åßñ8Í÷ö®'ÎÀðÑ÷ò+ÏØ3×jð,Ö òHðMÊ õ3×+Ê´ñ8Í'ÎÀð©'Î÷òHðﬁðHÖEñ8Í÷ñ8Ö9Óﬂ×:Ê+Ï×Åõ ñBÏÍ1Ê
ÏﬂÒ0Ê+Ï×Åõ ñBÏÍ_ÊHðYT
A










×Åö7Ï/ò ñ'Î3ÖáåA´ñBÊ4ÌMÏ/ò òHðMÌ¸ÓÊ[×BÏÍ÷öXÓÊMð.ÓÌ*ÎEßÓ(ò ñÓﬂØ3×jð!ñBÊEÓÌ ñÅßÓHðMËﬃØTÛUÖ9Ó ñ8Ö9Óﬂ×8×8ÛÕô`úIÓÌ ñÅßñ£Û
ÌMÏÍ1Ê% ò*Ó(ñ8Í
$ó"ô&'ÎÀðò'ÚñBÊðGÐ?ÌMÏÍ1Ê ò*Ó(ñ8Í
+ÊÓÌ ñÅßÓ ñ8Í÷öõ'ÎÀðÊ*ÓﬂÖBð¼ßGÓ(ò ñÓﬂØ3×jðÎ\Ó$ß4ðﬃÙÀò+Ê+ÏNØVðÌMÏ×8×ÓﬂÑ1ÊHðMË


































































































































































 ò*ÓﬂÍ1ÊÒFÏ/ò'ÖBðMË ð.ÓÌ*ÎæÏﬂÒﬁ'ÎÀðxÌMÏÍ1Ê% ò*Ó(ñ8Í






























ñ8ÍﬀÒVÏ/ò'ÖmÏﬂÒÊ'ÎÀðHÓË3Ë ñ ñBÏÍNÏﬂÒ?ÓﬂÍ9ÓÌ ñÅßñ£ÛﬀÌMÏÍ1Ê ò*Ó(ñ8Í
6Ö9ÓMÛIñ8ÖﬀÑ3×8Û
ÓXÍ1ÏÍJð	×BÏÌ.Óﬂ×Ì*Î\ÓﬂÍ÷ö4ðUñ8Í 'ÎÀð`ÌMÏ/ò òHðMÊ'Ñ%ÏÍ1Ë ñ8Í÷öIé
éë
ÒVÏ/ò'Ö õ3×Ó ñBÏÍNØVðMÌ.Ó(õ1ÊHðÓÌ ñÅßñ£Û(ÌMÏÍ1Ê ò*Ó(ñ8Í+Ê!ö4ð,ÍJð
ðò*Ó ñ8Í÷ö'ÎÀð6Ê­ÓﬂÖBðkßGÓ(ò ñÓﬂØ3×jðLÎ\Óﬁß4ð*+ÏØVðLÌMÏÖRØ÷ñ8ÍÀðMË0óEì§Í®Hðò'Ö(Ê4ÏﬂÒ\Ö9Ó(ñ8Í
*Ó(ñ8Í\ÓﬂØ÷ñ8×Åñ§Û(ÓﬂÍ1ËRÖ(ÏË õ3×Ó(ò ñ£Û7Ð
'Î÷ñBÊÓﬂÑ3Ñ÷ò+Ï7ÓÌ+ÎñBÊ'ÎÀðòHð´ÒFÏ/òHðﬃ×jðMÊ+ÊÓ ò*ÓÌ ñÅß4ðóUÜDÎÀð" ò*ÓﬂÍ1ÊÒVÏ/ò'Ö9Ó ñBÏÍ^Ñ÷òHðMÊð,Í
HðMË³ñ8ÍG'Î÷ñBÊÊHðMÌ ñBÏÍ³ñBÊ
ÏﬂÒEÌMÏ/õ÷ò+ÊHðUÏÍ3×8Û;Ñ:ÏGÊ+ÊHñ8Ø3×jð6õ3Í1Ë÷ðò'ÎÀðRÓÊ+ÊHõ3ÖﬀÑ ñBÏÍ'Î\Ó`Óﬂ×8×ÝÓÌ ñÅßñ£ÛYÌMÏÍ1Ê ò*Ó(ñ8Í+Ê`Ó(òHð6öñÅß4ð,ÍpÓ¨'ÎÀð
ØVðöñ8Í3Í÷ñ8Í÷öÀó#ìq9Ë3ÏðMÊﬀÍ1Ï;Óﬂ×8×BÏKÚýÒFÏ/òNÓﬂÍåñ8Í
Hðò*ÓÌ ñÅß4ðWñ8Í
 ò+ÏË õ1Ì ñBÏÍíÏﬂÒXÊ õ1Ì*Î#ÌMÏÍ1Ê ò*Ó(ñ8Í+ÊNË õ÷ò ñ8Í÷ö
Ñ÷ò+ÏØ3×jð,Ö÷Ê*Ï×Åß1ñ8Í÷ö1ÐÝØ,ðMÌ.Ó(õ1ÊHðñ'ÎÀðÕ ò*ÓﬂÍ1ÊÒFÏ/ò'Ö9Ó ñBÏÍ~ÊHð,ÑIÚLÏ/õ3×BËIÎ\Ó$ß4ðÕ+Ï!ØVðEòHð,Ñ,ð.ÓHðMË~Ó¿ð.ÓÌ+ÎÂñ8ÍJð
 ò+ÏË õ1Ì ñBÏÍÏﬂÒZÓUÍÀð,ÚâßGÓ(ò ñÓﬂØ3×jðó0ÜDÎÀðXÓÊ+Ê õ3ÖﬀÑ ñBÏÍ§'Î\ÓDÓﬂ×8×QÓÌ ñÅßñ£Û9ÌMÏÍ1Ê ò*Ó(ñ8Í+ÊHÓ(òHðÔÍ1Ï.ÚÍNÒ ò+ÏÖ
'ÎÀðØVðöñ8Í3Í÷ñ8Í÷öNÌMÏÖﬀÑ3×ÅñjðMÊ`Úñ'Î'ÎÀð6ñ8ÍHð,Í
 ñBÏÍ\Óﬂ×EË÷ð´Ù1Í÷ñ ñBÏÍpÏﬂÒ0ÓﬀË÷ðMÊ ñÅöGÍ*ÓÊ+Ô!ÓÊË ñBÊ+Ìõ1Ê+ÊHðMËÍñ8Í'ÎÀð
ñ8Í
 ò+ÏË õ1Ì ñBÏÍpÏﬂÒ'Î÷ñBÊÌ*Î\ÓﬂÑHðò$ó
ì§ÍpÓË3Ë ñ ñBÏÍG+Ïñ'ÎÀðMÊHðUË ò*Ó.ÚØ\ÓÌ+ÔJÊ.Ð¶'ÎÀðêñ8Í ò+ÏTË õ1Ì ñBÏÍaÏﬂÒ6ÓﬂÍxÏÑ ñBÏÍ\Óﬂ×[Ñ\Ó(òÖ9ÓMÛxÓﬂ×BÊ*Ï9Ë÷ð,ÑVð,Í1Ë
ÏÍÌMÏÍ
 ñ8Í1õ1Ï/õ1ÊpßGÓﬂ×ÅõÀðMÊQñ8ÍíÚÎ÷ñBÌ*ÎáÌ.ÓÊHð^ÓIÔñ8Í1ËæÖEñ_  ðMËíÌMÏÍ1Ê ò*Ó(ñ8Í!Ú6Ï/õ3×BË òHðMÊ õ3×!ÌMÏÖRØ÷ñ8Í÷ñ8Í÷öæÓ
ÌMÏÍ
 ñ8Í1õ1Ï/õ1Ê`ÌMÏÍ1Ê% ò*Ó(ñ8Í



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































C1         X1
ACT





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































X1 = b -> X3






X1 = b, X3 X1 = b
X3 = e, X4 X3 = e
b)
X1,X2
X1 = b,X3 X1 = b





X1 = b -> X3
X3 = e -> X4
X5 = i -> X3











X1 = b -> X3
X3 = e -> X4
[1]
[0]




X1 = b, X3 X1 = b













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M = reactor 




M = {tank,mixer} 
MT =  {disp,entr,blend, susp} 
V  
V.volume
M = {tank,mixer} 
MT = dispersion 
C 
V 
V.volume = [150,1000] 
C(M,V.volume) 
C(MT,C)
M = {tank,mixer} 
MT   
V 




M = reactor 
MT   
Co 
V 





M = {reactor,tank,mixer} 
MT = {disp,entr,blend, susp}
AC3  and AC4
M = reactor 




V.volume = [150,1000] 
C(M,V.volume) 
C(MT,C)
M = {reactor,tank,mixer} 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































M = {tank,mixer} 
MT = dispersion 
C 
V 
V.volume = (150,1000] 
C(MT,C) 
C(M,V.volume)
M = {tank,mixer} 
MT  
V 





M = reactor 
MT   
Co 
V 
V.volume = [0,100] 
C(M,V.volume)
P1
M = reactor 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































piers        nbPiersACT ACTpiers           pier[i]
pier          xACT

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































V.volume = [0,1000] 
V = {elliptical,disk,hemispherical}
V.volume = [0,1000] 
V = elliptical 
El.sradius = [0,1000]
V.volume = [0,1000] 
V = elliptical 
El.sradius = [0,1000] 
El.bottomarea = [0,1000]
V.volume = [0,1000] 
V = {hemispherical,disk}
V.volume = [0,1000] 
V = hemispherical 
Chemispherical
V.volume = [0,1000] 
V = disk 
Cdisk
AC5
V.volume = [0,1000] 
V = elliptical 
El.sradius = [0,1000] 




















«*,+-!ﬃ~. /0+1 2'ﬃßL~3 Ý
Ú¨3©Îç4'à4~ ß©Ú  Nà} 56 XÚ 2'ß ~. 2Ý
Ú³¨4©~ ÛrÝ¨# ﬃ~NÝ¨i¨
Úà}	'äýßOß© Îã Ý7+- ﬃ~












¾²@Ö ­Ô´­³®»1¯Ö0­ Òﬂ· Ç²(Ò6¯i² û³²@Ö ¯0¶1·û2Òﬂ·Ô¶






























































































































































































































































































ÓŁ å æ :¤0FüX¥¦ @ðC¤@:¸ ¦




























































































































































































































































































á>éç-ßà65â267x© V!8	':9;#(¿¨!<')=>?;@98'A>º #BC91ªEDGFﬃ V«
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